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(54) PIEZOELECTRIC ACTUATOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To make it possible to drive a 
piezoelectric actuator by a low voltage source without using a 
booster circuit. 

SOLUTION: An elastic body A1 is constituted of an elastic material 
1 and piezoelectric materials 2a and 2b provided on both surfaces of 
the material 1 . When a drive power is given to a primary side 
electrode 11 of a wide area and the material 2a is distored. a 
boosted voltage is taken out in a secondary side electrode 12 of a 
narrow area. This boosted voltage is given to a drive electrode 1 3, a 
distortion is given to the material 2b by this voltage and the body 
A1 is vibrated in a direction Z. Thereby, the body A1 is formed into 
one, which can be driven in a large amplitude by a drive power 
supply using a low voltage source, such as a cell. 
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(54) B8I»0«»] JBE«7i^5'3.X'-3' 



(57) [mm] 

nx, ?¥tt#:Al«Z:i^|6)'vJgl(i3-are.n-5. J;oT. 

1 ^:k^ummt^mm-^^^h(Diit3:^. 




1 

i <£4tii i s mm T i7 5^ a. X- 3^ . 

w»B - e, ^mmmm c ^ ti s tc <i: 

If tgftS^USif*^ 1 3 ©Vi-rn*MCB3««))E 

mmmti^mn^n, ^mmmm\z^^ibn^mm\zj:r} 
witmzm^'¥'L-mw\v<D^^m^^A.iE>n^m^m i 

[0 0 0 1] 

imm^oimm^mi ^%m\t. mm^)v, xtr-*, 

IKSj $ n ^ J; 5 L jE« 7 i7 i X- ^ fC ilir -2) , 
[0 0 0 2] 

<7)ffi«Ti'^3.x-^$S^T*^mEITS.-5. 3¥tt^A 

izmm^titcP zTy3:E(DEEn^n2 tf}^>E>m^^nx 

Vi*. «-)I««ipf2»^®lC«ffi«»«ffi3*«J^fi!c^fnT 
Vi^o H(IfB#tt«l«T-X«S<!:bT«8ffiL, 

[0 0 0 3] 



(2) #M¥9- 1 8 0 6 5 

2 

tt. #B»Sffi3fc-^A?,ns«ffi*«a5<:te<Ttt7S:^ 

Lfzt^-ox, mmm(D{S:mi£mizj:*)^m7^ 

[0 0 0 4] CK)#l£Isig§5*^lt^::i:(CJ;i3. lelK 
Sfc, ffi«Ti?5^iX-3'<DS)EI(imffiCS75:Sfiffl© 

mo:)^mmti^±^-r^rci^<Dm&h-ii'm\zf3:*), 

[0 0 0 51 *3?iq«±IBti£5l50SS^£«f8^TS'b«)-r 

^0. ffi«7^7 5^3.x-iS'g^t:{c#ffi«ig*^lf$-B-. 

ytffiST 5^3- X-iS' C t * i 65 i: b T 

[0 0 0 6] $fc*^B«(S. 1 4S<D3^gStffil&«ffi*t^x 

20 (CJ:0Ptt#:€rKftT^^<t5lCbfcJEST^^5'iX— 
^&««T-5^i:S:SWtbTliS. 
[0 0 0 7] 

[^®*fi?Si-r-5fci6CD^©] *^BJ«, ffi«««Sf»ffi 

crz.m^iz^r)mmifm\z^c^mm>i:m^-Ammm 
*wb, mWinm^<Dm&i!i^mmmniz^^.<E>nxmfsi 
[0 0 0 8] ±fBtr*5iiT. -^{alJ«^(^>®8(J:Ofe- 
#jEE $ *ifc«BE*«# e. n« <fc 5 izm^r^ ^ t *t^tiT 

fit) ©i«t.>«igT*«.«^jc«, -AmmmcDmm^m 

<-ti-r. -^^;fiiM1St-i>:fi'MScDffi«7&i|?b<Tt>, 

[0 0 0 9] ®K)«iS/&^i«»^tte.n, 

ti. mm:r.'AmmmA^^^mmmmtz^^i>n^mmz 
^*). ¥^^tmm^:^\^^mm-r?>^o\zmtsm^iir 

&mmmm\zm&:mo:>mmm!£f)^^^^ti, ^mmmm 
i>^M\^-r^&m^n(omn^m:^miz^K), ^^mzm 

b3f5t:&|Sj'v®^*.?£#x5 J: •s fc«^-r« d 

50 mmf)m\^-r?>mmiim<Dmm^m:^m\z^r,m=.Am 



3 

[0 0 10] C:OBE«T5'f^a.X-^(D3*ttfl!:«, 

^mmiz^o mitmm if mm s^ustxoib xm^ 

ttiE^g/i <*: t b Tfigffl T # S . 
[0 0 11] a&SVi«»i§«:tt. 

fko^mmnmamifibn, ^mmmm\z^^ibn^m& 

[0 0 12] 

[0 0 13] ci<Dffi«7i'5^3.x— ^Tfi. ^mmmm 
mii^<oO)m^mmiisk<^mtiii^-^Ammm\z^^<=>n% 

. \zJ:r)^iimzm^A^^U^. :i<Dm^\zJ^K)-Amm 

m*^M[^r^mm^mzm&Am^-r^, ccoms.^^- 
:kmmmi!i^^mmmm\z^^^tix. ^(Dmmmmi>m 
Lx^^^mii-<n&nttmzm^*^^^6rL^, :zcomw} 

&mmi)m-r^m^cDi£mmm<r>m^\zj:. o . w\±m^ 
mmmm^n^:iii\zf3i^, 
[0 0 14] zi»immmnmm^-:kmmm<Dmm^'o 
fe«5<bT*3<<h, zi'AmmmA^i=>-'Ammm\z-^^'i 
n^mmzMv^BE^nrznEEtfimotii-^n^. cco# 

^mmwco)mmnti^±^Lzn^-'Ammm\z^^^ 

<. ffi«7i7g^3.x-;5'Sr;*:^/aJgi|i{CJ;DKIlJ-^€r-5 
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[0 0 15] -:kmmm<ommitfi^'Ammm(D^ 

m^K>hm^h<r>xit. —Ammm\z^pL<bti^mwjm 

^<D^&^tittms.tfimw]mmiz^^ionx. m^wufi 

^mmmmamif'^nxi^^^mmizid^^x. ns.<Dtz^ 
© h^>7.ts.E^mm\zwLn^>z^m:ti^ts.<, &m7i^^ 

10 [0 0 16] *fc. =iAmmm<Dm^^~'Amnm<Dm 
a.fcDfe«<-ta-r. m^iimnm(Dmmt>mvx$>-ox 

m\z^pL<bn^m^ii^'b-^<x^. wi±mt)^m\z^r) 
:k^umm\zxmw}-t^:iii\zu^. j^-ox^'Ammm 

tzmz^mmmmiz^^^^tiz^o, ^in^ni^^iz 
:k^r£mm,xmw]-^ti^:iiiizf3:^. 
20 [0 0 17] mmnm^m.w.wtn. -Ammmx 

« (C-^^ e mffi (C J; 0 #^4#:^^m^:^rr6]'\liSi■r 
[0 0 18] ^i©ffi^7i^5^3.x— ^dt. n<i^)\>ym. 

—^^<r>mm^mrs.E\z^mx^^. 
[0 0 19] t^itm^w\zn\^. m\zmm.is.^^-mmK) 

x-^(CJ;OD— ^SlHieS-a-'St. EE«^r-i5'«:PfiK 
[0 0 2 0] 

[USS^J] RT, ^^HjWJEEWTi'^iX-^coglii^iJ 

rLX-^'»mi^M^JS:^-r^«0. 0 2«01(D#i4 
^fl I :*|nl*> e.Mfc«8ffi0, 0 3«ffi«Ti'5^rLX- 

^CD^^IHIKH-e&-5o EI HCS^-mHTi'^'a.X-^ 

^i^-^ntzW&WL 1 ^©^Ki^Mic^ttenfcp z 

1 <»:S2 (CS^mSS^iJTtt, ffimtt<4 2 a. 2 b<0^« 

^fii:^i6]7!ii±ffii®(c*3ViTl^U;6rr6] (z ( + ) ;^f6]) t 
fe^, ;::©g|®i)-ffi:^iB]«0 2 (c:*3iiT55BiT^bTu 

50 tS-m^t-ti-oX^^^, 



5 

[0 0 2 1] —:^<0RmUn2 a ©Affile 

1, 12. 1 3tt. ^'^-X hS:fi|^-r-5C:i;&i:lCJ; 
Ot)ffi«*«l2:<;S:t?T*3 0, SfcPSSSl ltl2«. 

■5. 

[0 0 2 2] 1 2 tKidmffi 1 3 artau- h 

^1 sicio^jisnxvi^. ^^{aiM®i2 

<i:Ki!l«@ 1 3 S:. #ttft:A 1 ®S 2 ®0S%;&fiiJOfflW 
Sr5i)a-rs <fc {C-#:cO«Se fc J; 0 JgfiE-T S t *M 

0, ^^fflijss 1 2 iimmmm i 3 a:d^^®;§EnTUT 

[0 0 2 3] 0 2IC*3liT, -^^ffiiMS 1 1 *^^*|Ji]UT 

^^^mm^n'S: (-f) , -^^fiijm^i 2:*i*fii&]TS)Em 
(□) . mmmmi sii^Mm-r^mmmn^s: 

(-r) (p) (a) 

-5,0 3 .5 Cdl, Cd2. Cd3«. 

(f) (D) (A) m^mvT{>^f3i^^t^<D&mmi 

1. 12. 13i:. *Hp]m«t;5:-53*ffiSl toraoi^ 

LI. L2. L 3 

«) (D) (A) fimwiLx^^^^ t^co^mm. 

S. Cl. C2, C 3«lii(lLTli-5i:#©^ffi^S. 
Rl. R2. R 3l*fil(jLTt^-5i^«^ffi^«fitriT 

*-5o sfc0 3fc*3t^T, ffi««isf (-r) t (P) <om 

[0 0 2 4] ffi«*f<sf (-f) tcSBi!;m^> («EE) 

s-;^ffli]msi i\znL. mm^m (p) wgc»«-;^c 
fiijttffii 2«:^/C»t®tt75t$^<;s:^Tt,i^o ^mmmmm 

n. 3*tt«:Aldtz:;^|6l'vlgW;-rSt, m»ff}m^KiZ 

^oi^m^m (p) «c«ffi/&^5!^-r^*^ H^iBsmic 

«. «JEEE 1 2 tcDit (^ffiit) * 1 : <i>X'^LX 

tr»«>. ji«*r» (p) jc*5v»T564-rs#EE^^nfc«jE 

E 2 ti. -^ffliJSffi 1 2 *^ e> U - 1 5 IC J: 

ffil 3ic#Ae.n-i>. ^Km® 1 3<j:^tt«i twrBifc 

#JE$tlfc«/E*^-^;te.n*i:. EEMMn (A) (c;*;€ 
ja:li***^i;-5. »BE^^nfcmJEE^cJ:D)E@*^^|s^ (/\) 
\Z^C^m^i:. MBH (-Y) (p) T^-rEE©««a)M 
#tt^Al«, Z:3&[6]'v;*:#;f5:^i|i-Cffilfi^tl 
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[0 0 2 51 C:©JE«7i7 5'a.X-5'-ett. ^^Hmm 
fe, 3*tt<^A l*t:*:€r;^«i|STffil!iSns. J:oT. 5? 

%ffiSjimiii4$. nmxmwi^n^^mm^fsidiz^io 

m^x^. '^^(njzou^f£^m^mn^ciiii^^m\z 

JO [0 0 2 6] 04«. ±SBffi«Ti^g^3.X— ^'Sffltifc 
^gg©^— X8F«3tC. 01 ^C^^t^•5JE«T^'^a.X— 
«t-^i. -^*:{l'jm@l 1 fcffi»m:^j:*i#;te.n. itJt 

■^«ii©5H4ft:A 1 A^z:^fii]^mm^^, z.<omm^^'r 

mx$>^Z.iiiimiotsn^. tl^Si. »tt#:A l^^JilliL 
fei^f;:, C©^tt#:A 1 t^^gBi*tSfe-pT, 

mm*m^n^tttt>. Tt^^^h^jio^^^iz. mm^m 
[0 0 2 7] sstiaett. w,immm<Ds.m7^^=L 
■&3^j#sn-5»tt<SA 1 ^«®fiij*^e>0^bTii-5. 0 

5 tC5^T^Jg0l|Ttt. -::&©ffi««^sf2 ara^SCJ^fiK 
snxi^i-s— 1 iwSWJcOfe. — :;*:fiiJ«ffii 
2©®«©;&*«J!2:<;&:^TI^>-5. ^©flfi©«fiett01i 

itmz atrM*-dt^DT#e#:A ldSZ:3&|Bl'v.Mftbfc 

^. ^bT::©^EE$nfeSffi*^*K«)es 1 3 tc-^;^e> 

tl. 5H4^Al*^Mli)ffitt$n^o ;i©S^!®0iJT«. - 

'Ammm 1 1 t^^^cdas® i 2 FBir^mtsggT&^sgff $n 

Sfeift. 0iJ;S.«3?SiEffi®imS4*»e.©SKi(;m)I*«iBi<. 

'^tcm.mT^^=LX.-^\z^x^^^m't^m.s.^Wimu 
WinBL^K>%i&<-r^>z^^i)^h^m^\z^mx^^. 
[0 0 2 8] m&\z^-r'&mmx\-i. sM^mz a®« 
40 Htjg^snfc-j^cfidm® 1 i©is«t. ^;*:fi!i«®i 

:;*:ffliJ«® 1 2C#ffisn;fe«/£*^^^-B-, c©m£E* 

o^^lgraiKia{c:-i5:bTv^-5i^(c«. »tt«JAi«z 
s (QM) ©ii5i>:^^£-e*^:^^(c«. Mia*liJgiti** 
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[0 0 2 9] 07 (A) (B) \t:^mm<om2mmmo) 

JES7i'^iX-3'«rS^bTt»«.. 07 (A) (B) \Z 

S^-rffi@7^5'5^iX-^0?i14*^A2. A3«, 0 1 fr 

^i.tch<Dtmmizh-m-^^m^nt:i%<D-c$>o. m? 

(A) (B) «3*tt«:A2, Aa^gftSSWSajgfliWvf, 
^fc«!i*S^LTtiS. 0 7 (A) C^-r»ttft:A 2 T 

«, PttSl<Dp®(C^tt^nfcmm^-Ji^2 c i:2 d» 

[0 0 3 0] s.m^m 2 c co^B (c fiij^ffi i i *t 

^t-te>nTl/i-5. ffiS^^iSf2 d©^MtCtt2-r>©-*fiiJ 
«® 1 2 at 1 2 bd^J^fiKStlTt^-S, dWX^fiiMffi 
12a, 1 2 b tt, 1 1 J: 0 %)®«dt»5 

^^t><Dtf3.-DXi'^^. mwimm^ i a a 1 1 a b-es^-r 
j;^>»c2®Rirjg^$n, -:f}<^mmmmi a a«iEiit^ 
!^2 c®sstc, ^tfl^«^lfJ«Sl a bu&nmm d 
o^Slcj^fiK^tiTti-s, -?-L.TWIH=:;^:(aiJ«flii 2 a 
j!>J*f[^i]T5gi5^i-<DJI««*^2 d -il^cfiilSffi 1 2 b>6t 
*H^iJt-^aB^J-«BE«*Ji|Bf2 diT[±SIS5i-^:^(6l:^tiaiS 
bT:tei3, -;*:<Biia@i 2 a<Dg6^j-r®Si«^i-@:5rr6i« 
z (-) :;^|6). -^mmmi 2 b^sK^j-etaz (+) ;5 
mmmmi a a*t^|6)■rsgl5^©)I^«^E^2 
c©sim5i-ffi:&r6]«z (-) i.a b^^^iij 

[Bl-rsg85J-(Dffim**^2 d«)Sfmi)-ffi:&l^«Z (+) T 
[OOai] 0 7 (C5^-rffi«Ti'5^iX-;?'T«, 3gM 

^if)Siig4*ie>-j^fi'jma 1 1 ^zmmmtlA^^^^n. 

#ttflsAl*iZ^f6l'vlg«I-r-5a:. x^>c{BJ«ffil 2 ai 

1 2 b^^^sjEd^wen-s, — i<DmwzM 

L, — 1 2 a ^: 1 2 b Offi«*^^< /jr^Tt^-S 
fc«6. -J*:ffllJ«@ 1 2 a t 1 2 b ii, S«6«fiti:$n>t 

-j»c(am® 12a t—:kmmm 12b t-ca, m« 

^»S«8 1 3 a 1 3 b »|p] 

;^<:<fiimS 1 2 aTt#e.nfcmEE/O^Bi()«® l a a tC#;i 

e)*!. —Ammm i 2 b-ctte-nfcSff^^^isfli® 1 a 

b\Z^^iE>tl^iz. #tt«^A2«#BE$tirc«ffi{CJ;0 

z:^[6j'^iift$-a-e>n-5. 

[0 0 3 2] 0 7 (B) (C*-r»tt#:A3 t), 1 
©p#J(CJI«^^^i|Bf 2 e i:2 f Amn '=>ntch(D-Q&^. 
^&m^m 2 e t 2 f CD#gBi^TOSim^)-ffi:i5r|6l«5^B] 

tti£Vi®«®-:^<gij«fii 1 i*ij^fi£Sn, ffim«*4 2 f 

<o^m<om:^\^'p^\z{t. mm^<Dr.;^mmm 12a 
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i: 1 2 b;*t^lt^nTliS. »tt^*:A 3 <7)i|i;&r6]ia5(|ije5 
■^tt, #ffi««»2 e t 2 f ®^iSI'Kft«ffi 13c, 

13 d. 13e, 1 3 f ;*tjgfiK^nTVi-5, 

[0 0 3 3] 3S8Sffii(imiii4*^e>-;*:<S!ifli@i 1 \zmm 

nt}t)^¥XiE>n^ii. »tt«:A3*iZ*|6]-vfltfJit!i4 
^US. C:©lgl!jlC.k03»Eliffia©-iJcfi!jmffil 2 a*3 
J;Dtl2bt. 5Ptt^li«rafC, #BE^nfcmffi*t5g 
^■r^. fcfc'bX^fiimS 1 2 a i: 1 2 b 
•r-51E««!pf2 f ®R«^J-ffi;^|6)*ijSftT*S*:Je>, iSiS 
ffiW«ffi*t35lDttJ$n.5. XJJcffi!l«fii 1 2 a*ie>»e.tl 

fc«EE:^t, mwimm i 3 c 1 1 3 f c^x.e.n. 

mffil 2 b*^e.f#e,n;fe)S5«![*gOI|/Edi, ffi»j«ffil 3 
dt 1 3 e»C-%^;^6n5i:, #tt#A 3 fCttffi^lS] (X 
'vWliW/dt^i^t-^. 13c, 13d. 

1 3 e . 1 3 f \z\tmmm!£^ 0 

^ensfc*, #tt#A3«x?^tPi^itttW;^#;S:tii|ii 
ttiOlgWl^-a-ens. J:oT0 7 (B) iZm-TEEmr 

20 [0 0 3 4] 08;^J:t.iL09«2^5g?«»fl3SliS0il«l£ 
mT^^:2.X.-^^^l.Tl^^^. 08 (A) ttm3*SS 

8 (B) «#tt#:A4 WJ^ffi0. 0 9 fi#1±#:A 4 (73(81 
M0T*-5, ^<D#14{*A4ttnSt>t-eJ&0. u>w^ 

ffija:t'©5H4«2 i<omm\zmm.mn2 2 ai2 2 b*t 

aiM^nTti-S. 0 8 (B) {C^f«fc5lC. lSffi{SiJT 

«, jEEs«iEf2 2 a<Dmm\z--:k&mm2 3ii=:.:kmm 

eB2 4*iJg^$nTt>-5. — ;*:ffliJISai 2 3 ©SSfJ: D t) 
2 4 CD® < ^ T t» S . — J*:<a« 

30 m2 3 t-:^^mmm2 4-fymiii^tix\^^^^'^-va)f£m 
mm2 2ho:)mm^m:^{^\tmzz (-) 
[0 0 3 5] 08 (A) c*-rj;5fc, ±mm(r>EEm$t 

2 2 a ®^®-Ctt, 4t30ffil(j«a2 5 a, 2 5 b, 

25c. 2 5 dum^-^nx^^^o ^mwimm2 5 a. 

2 5 b, 2 5 c, 2 5 dtt, Ptt^A4®ffi{CiS3£-r-5 

ti-S. ffi»Sffi2 5 at 2 5 c A^J^fiK^nTt^SgP^i-C 
®J£fli««sf 2 2 a WSIfl[5i-@:^r6]«Z ( + ) :^[^^Tcfe 
0, ffil!i«a2 5 bt 2 5 d*t}^^^nTVi-5gC^)-Wffi 
«iW^2 2 a®K«5>ffi:*rl6lttZ (-) ;^|6]7?*S, 

[0 0 3 6] COffiSTi'^^iX— iS'T?«. S^gitKldtt 
314*^?,— i5cffliJS^2 3{CfBI)i«;>3*t-^^e,nSt. EE 
^*^*Jf 2 2 blcs^-j&i^D-i.. ;*:ffiiJtt 
«i2 4i:#'|4ffi2 1 (^flSSti) 

a t 2 5 b e>n-5. mmmmm 25ai:25blc: 

50 [0 0 3 7] 01 0«, ±IBS3^J£fif!|CDJE«7'i7 5^3. 
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^^tlfcltta 2 \Z\t^T > if 3 3^lft-LXa—^ 3 4 

3 5*:rt-bT;^5^-:S'3 1 C^ML. Ji.-r3D-^3 4« 
«fe3 6tC<fct)X7=— 5^3 HCj!jaJI3nTt><5. BEWT 
i5'5':iX-^«#tt#:A4C««Eifi^*t^^-rst, 
^ffilS««!S5«3 5*:^^bTD-^3 4tCf^fflL. D- 
7 3 4*t|liEffil!»^fns. 

[0 0 3 8] ±iBro0 8*^e.0i ojc*-r^3*ig0dic 
ist^T. 2 4^2 mmtzmi^xtn'en<D~ 

[0 0 3 9] 

[0 0 4 0] -;^c<BlJmffi^c-^Ae.n■5ffi»)mffiSr 

tgT-feD. a&St,i«2^0-j5cffliJ«@fCj^te*gco«ffiS: 
[0 04 1] b/t*ioT, tgi(i'^;l/^JI«t-^fj:<k*^ 



[0 2] HUrS^f ffi«7tJ75^a.X— I I:*rl6]j6ie, 
[03] 0 1 i0 2 fC^-rjESTi/^^iX— ^CD^ffilHl 



[04] 01 fC^-rjIS7i79^:iX-5'S«B;lfclgft'^ 
fin® 0 . 

[05] ^immmoi^Mm^T^t&mTi/'^a.x.-iS' 

10 [0 6] ^mig«^CO<a®^}g0t|&^-r£E«75'5"zLX 

-^©s®0. 

[07] (A) (B) «*^ig®||2*Jfi0iJ(D)E«7^7 

g^j-x-^^^s^-r^sss, 

[08] (A) (B) «*%?^W^3^Sfi0iJ»I£S7'^ 
5^ 3. X— 3;' Sr^aM® /O^ S^-r ¥® 043 J: U^lS® 0. 
[0 9] 0 8IC*-rffiS7^5^3.x-^»fiiJffi0, 
[010] 08tC^-rJEE«ri7^3.x— iJ'SrfflV^fclE® 

[011] «£5l5(73)EE«Ti7g^a.X-^&^-r^ffi0. 
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